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1. INTRODUCTION 
Milk protein synthesis is under a hormonal con- 
trol in which a protein hormone, prolactin, plays 
an essential role. Experiments in several species 
have shown that the induction of casein synthesis 
is coincident with an accumulation of the corre- 
sponding mRNAs [l-3]. These phenomena can be 
reproduced using mammary fragments cultured in 
synthetic media (4-61. Isolated mammary epi- 
thelial cells in primary culture have also been 
shown to retain their capacity to respond to the 
prolactin stimulus by the accumulation of casein 
mRNAs [7,8]. Experiments carried out in the rab- 
bit demonstrated that the accumulation of casein 
mRNAs results from an acceleration of the tran- 
scription rate of the casein genes and from a stabil- 
ization of the mRNAs [9]. These effects are ampli- 
lied by glucocorticoids which per se are not in- 
ducers and they are inhibited by progesterone [lo]. 
Independently, the translation of casein mRNA is 
activated by prolactin and inhibited by progester- 
one [I 11. The evaluation of /?-casein gene tran- 
scription also proved possible using isolated nuclei 
[9,10,12]. This technique has been used for the 
search of the intracellular relay carrying the hor- 
monal information from the receptors located in 
the plasma membrane to the target genes. It has 
been observed that the incubation of mammary 
membranes with prolactin provokes the release of 
a factor which is a potent stimulator of /?-casein 
gene transcription when added to isolated nuclei 
[ 13- 151. This factor is specifically generated by 
lactogenic hormones and it stimulates at least one 
of the prolactin-sensitive genes. The active fraction 
liberated from mammary membranes by prolactin 
has a small M,-value [14]. Here, the supernatant 
from membranes which contain the putative pro- 
lactin second messenger were added to the culture 
medium of isolated mammary epithelial cells, in 
an attempt to provoke the accumulation of casein 
mRNA and mimic prolactin action and in order to 
overcome possible problems encountered with the 
use of isolated nuclei. 
2. MATERIALS AND METHODS 
2.1. Culture of the mammary cells 
Mammary cells were isolated from mid-preg- 
nant or pseudo-pregnant rabbits when the mam- 
mary gland is partially developed while secreting 
no milk. The tissue was dispersed by collagenase 
digestion. The isolated epithelial cells were se- 
lected using a Percoll gradient. Cells were grown in 
plastic flasks in MEM medium containing 510% 
rabbit serum. Before being subjected to the stim- 
ulation by prolactin or its second messenger, the 
cells were kept for 2 days in MEM medium in the 
presence of insulin but in the absence of serum. 
This schedule proved to provide cells sensitive to 
prolactin stimulation [7,8]. These techniques have 
been detailed in [7,8]. In all cases, the induction 
Published by Elsevier Biomedical Press 
00145793/82/0000-0000/$2.75 0 1982 Federation of European Biochemical Societies 242 
Volume 148. number 2 FEBS LETTERS November 1982 
was carried out in the presence of beef insulin 
(1 @ml) and as specified in the presence of ovine 
prolactin (100 q/ml). 
2.2. Preparation of prolactin second messenger con- 
taining fractions 
Crude microsomes were incubated with various 
hormones, in MEM medium for 1 h at 20°C. The 
membranes were then eliminated by centrifuging 
the incubate at 150 000 x g for 30 min. The result- 
ing supernatant was saved and kept frozen until 
use. Prolactin, FSH and hCG were kindly pro- 
vided by the National Institute of Health (Mary- 
land MD). EGF was a Collaborative Research 
product. 
2.3. Addition of membrane supernatants to the cul- 
ture medium 
The membrane supernatants resulting from in- 
cubations with prolactin or other hormones were 
added to the culture medium unless otherwise 
stated at final cont. l-3 mg protein/ml. In most 
cases, a horse immunoglobulin fraction containing 
anti-ovine prolactin (the generous gift of Dr G. 
Kann) was added to neutralize prolactin action. 
Cells were cultured for 8 h or 24 h in the presence 
of the various fractions. After this period, total 
mammary RNAs were extracted using phenol and 
chloroform and the concentration of fi-casein 
mRNA was then evaluated [7,8]. 
2.4. Measurement of /3-casein mRNA concentration 
Total mammary RNA was incubated in the 
presence of a cDNA probe synthesized in vitro in 
the presence of t251-labelled CTP prepared as in 
[ 16,171. The template was /3-casein mRNA and the 
enzyme was the AMV reverse transcriptase kindly 
provided by J.W. Beard. The hybridization curves 
have not been shown here. Results are expressed 
as the number of /3-casein mRNA molecules/cell, 
using as a basis the hybridization hybrid with its 
mRNA template at a Cot% of 2.5 x 10 -3 M.s [9]. 
3. RESULTS 
3.1. Induction of fi-casein mRNA accumulation by 
prolactin and its putative second messenger 
Mammary cells grown for - 1 week in the pres- 
ence of serum and for 2 days in the presence of 
insulin alone contained - 10 molecules of p-casein 
Fig.1. Effect of prolactin and membrane supernatants 
on the accumulation of /3-casein mRNA in mammary 
epithelial cells. Crude mammary microsomes were incu- 
bated with prolactin as in section 2 and added to the 
culture medium for 24 h. Anti-prolactin antibodies 
(1 mg/ml) were added with the membrane supematants. 
The results are the mean (2 SEM) of 7 independent 
cultures. 
mRNA/cell. This number could be increased by a 
factor of 24 when prolactin was added to the me- 
dium for 3 8 h (tig.1). In agreement with 18,181, 
the immunoglobulin fraction containing the anti- 
prolactin antibodies completely prevented the in- 
duction by the hormone. 
The membrane supernatant obtained after an 
incubation in the absence of prolactin and added 
to the culture medium was unable to induce the 
accumulation of p-casein mRNA. In contrast, the 
membrane supernatant obtained after an incuba- 
tion with prolactin exhibited a potent prolactin- 
like activity (fig.1) despite the presence of the anti- 
prolactin antibodies which were added in suffi- 
cient amount to counteract a concentration of 
3 10 pg prolactin/ml (fig.2). The effect of the ac- 
tive membrane supernatant and the action of pro- 
lactin were not additive (fig.2), suggesting that the 
same cellular mechanism is involved in both cases 
beyond prolactin receptors and that the active 
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Fig.2. Action of various supernatants of membranes in- 
cubated with or without prolactin on the accumulation 
of /I-casein mRNA in mammary epithelial cells and fi- 
broblasts. Prolactin antibodies were added as specified 
at 1 mglml to counteract prolactin action. The content 
of protein added in the culture medium was in all cases 
2 mg/ml. 
principle released from the mammary membrane 
is the prolactin intracellular relay. 
Various amounts of membrane supernatants ob- 
tained after an incubation of mammary micro- 
somes with prolactin were added to the culture 
medium. Increasing quantities led to a progressive 
accumulation of p-casein mRNA with a maximum 
at l-2 mg protein (not shown). At still higher con- 
centrations, the prolactin-like effect of the mem- 
brane supernatant was progressively abolished. 
This may be due to the general cytotoxic effect of 
this crude fraction or the presence of an inhibitor 
of prolactin action with the putative hormonal re- 
lay. An inhibitory effect of the membrane superna- 
tant was also observed-with the isolated nuclei [14]. 
Rabbit fibroblasts separated from the epithelial 
mammary cells by the Percoll gradient after diges- 
tion by collagenase proved to be insensitive to pro- 
lactin [7,8]. This cell type contains no detectable /3- 
casein mRNA sequence when cultured in the pres- 
Fig.3. Hormone and tissue specificity of the stimulatory 
effect of membrane supernatants on the accumulation 
of /S-casein mRNA in mammary epithelial cells. In all 
cases 2 mg protein/ml were added to the medium. 
ence of the membrane supernatant obtained after 
an incubation with or without prolactin (fig.2). 
This observation strengthens the conclusion that 
the prolactin-like activity of the membrane super- 
natant really reflects the presence of the prolactin 
intracellular relay. It is also in good agreement 
with the fact that the membranes incubated with 
prolactin generate a factor accelerating /3-casein 
gene transcription in isolated mammary nuclei but 
not in nuclei extracted from rabbit liver or red 
blood cells [ 131. 
3.2. Specificity of the membrane supernatant ac- 
tivity 
Prolactin receptors are present in many tissues 
and it has been shown that solely the membranes 
isolated from tissues containing prolactin receptor 
can generate the factor stimulating fi-casein gene 
transcription in isolated mammary nuclei [13]. 
Rabbit liver membranes which bind prolactin, lib- 
erate the prolactin second messenger, whereas lung 
membranes which do not bind prolactin are totally 
devoid of activity (fig.3). 
Only the lactogenic hormones can trigger the 
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Fig.4. Effect of colchicine (3 PM) on the accumulation 
of /I-casein mRNA by the membrane supematant con- 
taining the prolactin intracellular relay. I and P desig- 
nate insulin and prolactin, respectively. In all cases 2 mg 
protein/ml were added to the medium. 
formation of the active factor [13]. Three hor- 
mones, EGF, FSH and hCG were totally ineffec- 
tive (ftg.3). Insulin, having a slight activity in the 
cell-free system using isolated nuclei [ 131, was also 
capable of liberating an active fraction from the 
mammary membranes (lig.3). The potencies of the 
various membrane supernatants are therefore 
essentially the same whether they are added to 
isolated nuclei or to cells. 
3.3. Effect of colchicine 
Colchicine and other tubulin binding drugs 
strongly inhibit the induction of casein synthesis 
by prolactin in mammary explants [18,20]. Col- 
chicine injected with prolactin into pseudopreg- 
nant rabbits prevents the acceleration of /I-casein 
gene transcription provoked by prolactin, without 
altering the basal activity of the cells [12]. How- 
ever, griseofulvin which disrupts microtubules and 
local anesthetics which weaken the link between 
the plasma membrane and cytoskeleton are both 
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unable to inhibit prolactin action when added into 
the culture medium of explants [21,22]. Some 
tubulin containing cellular structures other than 
the cytoskeleton and probably localized in the cel- 
lular membranes are involved in the colchicine ac- 
tion. This conclusion was strengthened by the fact 
that colchicine added to the incubate of mammary 
membranes and prolactin can prevent the genera- 
tion of the factor activating /I-casein gene tran- 
scription in isolated nuclei [ 141. In lig.4, colchicine 
was added to the culture medium with prolactin or 
with the membrane supernatant obtained after an 
incubation with prolactin. In agreement with 
[7,8,12,20], it was observed that colchicine totally 
inhibited the capacity of prolactin to induce /I- 
casein mRNA accumulation. In contrast, the drug 
was unable to prevent the action of the membrane 
supernatant added to the culture medium. This ob- 
servation reinforces the idea that the interference 
of colchicine with the mechanisms of prolactin ac- 
tion on casein genes is limited essentially to mem- 
branes and to the process leading to the generation 
of the second messenger. This also indicates that 
the integrity of the cytoskeleton is not strictly re- 
quired for the transport of the prolactin intracellu- 
lar relay to chromatin. 
4. CONCLUSION 
These experiments clearly indicate that prolactin 
induces the release from membranes of a factor 
which mimics prolactin action in isolated mam- 
mary cells. The fact that this effect is produced 
essentially by lactogenic hormones and by prolac- 
tin receptor containing membranes and that only 
mammary cells are sensitive to the membrane 
supernatant is in excellent agreement with data ob- 
tained with isolated nuclei (13,141. These observa- 
tions strongly imply that an actual prolactin sec- 
ond messenger is generated by membranes to 
which the prolactin is bound, Also confirmatory is 
the fact that colchicine does not inhibit the action 
of the membrane supematant on the cells but 
rather the drug appears to act by blocking the gen- 
eration of the prolactin second messenger at the 
membrane level [ 14,2 1,221. 
Insulin per se is not lactogenic, although in 
mouse mammary explants, a synergistic role with 
the prolactin action has been ascribed to this hor- 
mone [ 191. A comparison of some of the properties 
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of prolactin and insulin second messengers (M,, 
sensitivity to trypsin, thermostability) has led us to 
conclude that these 2 molecules have striking anal- 
ogies 1141. It is conceivable that the 2 hormones 
could have the same second messenger. In this 
case, the actions of both hormones might be dis- 
criminated by their different capacities to support 
the release of the relay. Alternatively, the 2 second 
messengers may be different and exhibit slight 
cross-reactions under experimental conditions. It is 
also conceivable that the specific binding of insulin 
to its receptors modifies the structure of the mam- 
mary membranes in such a way as to provoke the 
release of small amounts of the prolactin intra- 
cellular relay. Experiments are in progress to eluci- 
date these points. 
It is somewhat surprising that the prolactin sec- 
ond messenger can so readily enter the cell. This 
observation leads to the question whether the ac- 
tive factor can carry prolactin information from 
one cell to another in the mammary gland. Two 
facts argue against his hypothesis. 
(9 The-amount of membrane supernatant which 
must be added to the culture medium to stimu- 
late cells appears to be larger than the amount 
required to stimulate isolated nuclei, suggesting 
that the plasma membrane acts as a barrier to 
the penetration of the prolactin relay. 
(ii) In no case, was the membrane supernatant able 
to mimic prolactin action when added to the 
culture medium of mammary explants (not 
shown). This suggests that the penetration of 
the prolactin relay into cells is due to the possi- 
ble abnormal endocytotic capacity of isolated 
cells. 
Hence, it is most likely that the prolactin second 
messenger isproduced, acts and is degraded essen- 
tially within each stimulated cell. Although these 
experiments probably do not reflect a real phys- 
iological phenomenon, the technique used may be 
of general interest for the identification of putative 
intracellular elays in other biological systems. 
ACKNOWLEDGEMENTS 
The technical assistance of Mrs L. Belair, C. 
Puissant and M.L. Fontaine is greatly acknowl- 
edged. The authors wish to thank Professor H. 
Clauser for his constant interest in this work. These 
experiments were performed with the financial 
help of CNRS, DGRST and INSERM. 
REFERENCES 
ill 
PI 
131 
]41 
I51 
161 
171 
PI 
191 
IlO1 
1111 
iI21 
I131 
iI41 
I151 
1161 
iI71 
Shuster, R.C., Houdebine, L.M. and Gaye, P. 
(1976) Eur. J. Biochem. 71, 193-199. 
Rosen, J.M., Woo, S.L.C. and Comstock, J.P. 
(1975) Biochemistry 14,2895-2903. 
Nakhasi, H.L. and Qasba, P.K. (1979) J. Biol. 
Chem. 254,6016-6025. 
Devinoy, E., Houdebine, L.M. and Delouis, C. 
(1978) Biochim. Biophys. Acta 577,360-366. 
Matusik, R.J. and Rosen, J.M. (1978) J. Biol. Chem. 
253,2343-2347. 
Terry, P.M., Banerjee, M.R. and Lui, R.M. (1977) 
Proc. Natl. Acad. Sci. USA 74,2441-2445. 
Teyssot, B., Servely, J.L., Delouis, C. and 
Houdebine, L.M. (1981) Mol. Cell. Endocrinol. 23, 
33-48. 
Servely, J.L., Teyssot, B., Delouis, C., Houdebine, 
L.M. and Djiane, J. (1982) Biochimie 64, 133-140. 
Teyssot, B. and Houdebine, L.M. (1980) Eur. J. 
Biochem. 110,263-272. 
Teyssot, B. and Houdebine, L.M. (1981) Eur. J. 
Biochem. 114, 597-608. 
Teyssot, B. and Houdebine, L.M. (1981) Eur. J. 
Biochem. 117,563-568. 
Teyssot, B. and Houdebine, L.M. (1980) Biochem. 
Biophys. Res. Commun. 97,463-473. 
Teyssot, B., Houdebine, L.M. and Djiane, J. (1981) 
Proc. Natl. Acad. Sci. USA 78,6729-6733. 
Teyssot, B., Djiane, J., Kelly, P.A. and Houdebine, 
L.M. (1982) Biol. Cell. 43,81-88. 
Houdebine, L.M., Djiane, J., Teyssot, B., Servely, 
J.L., Kelly, P.A., Delouis, C., Ollivier-Bousquet, M. 
and Devinoy, E. (1982) in: Regulation of Gene Ex- 
pression by Hormones (McKerns, K.W. eds) 
Plenum, in press. 
Commerford, S.L. (1980) Methods Enzymol. 70, 
247-252. 
Kamen, R., Sedat, J. and Ziff, E. (1976) J. Virol. 17, 
212-218. 
[ 181 Houdebine, L.M. (1980) Eur. J. Cell. Biol. 22, 755- 
760. 
1191 Bolander, F.F., Nicholas, K.R., Van Wyck, J.J. and 
Topper, Y.J. (1981) Proc. Natl. Acad. Sci. USA 78, 
5682-5684. 
[20] Houdebine, L.M. and Djiane, J. (1980) Mol. Cell. 
Endocrinol. 17, 1-15. 
1211 Houdebine, L.M., Ollivier-Bousquet, M. and 
Djiane, J. (1982) Biochimie 64,21-28. 
1221 Houdebine, L.M., Djiane, J. and Olivier-Bousquet, 
M. (1981) Biol. Cell. 41, 231-234. 
246 
